Objective: The association between vegetable consumption and colorectal cancer risk remains unclear and may differ by region. We performed a systematic review and meta-analysis of epidemiologic studies on this issue among the Japanese population. Methods: A systematic review and meta-analysis was performed by searching MEDLINE through PubMed and the Ichushi database for cohort and case-control studies that were published by the end of December 2014. Associations were evaluated based on their magnitude and the strength of the evidence. Meta-analysis was performed by using the random effects model to estimate the summary relative risk with 95% confidence interval according to the study design. The final judgment was made based on a consensus of the research group members with consideration for both epidemiological evidence and biological plausibility. Results: We identified six cohort studies and 11 case-control studies on vegetable intake and colorectal cancer among the Japanese population. Of the cohort studies, one study showed a weak inverse association with colon cancer and another study showed a weak positive association with rectal cancer in men, but other studies found no associations between vegetable consumption and colon and rectal cancers. With regard to case-control studies, one study found a strong inverse association with colon cancer, and three studies showed a weak-to-strong inverse association with rectal cancer. In meta-analysis, the summary relative risk (95% confidence interval) for the highest vs. the lowest categories of vegetable consumption were 1.00 (0.92-1.10) and 0.75 (0.59-0.96) for cohort and case-control studies, respectively. Conclusions: There was insufficient evidence to support an association between intake of vegetables and the risk of colorectal cancer among the Japanese population.
Introduction
Colorectal cancer is a common form of cancer worldwide, and attention has been paid to a marked increase of this cancer in Japan since 1960 (1) . Colorectal cancer incidence rates in Japanese males (Miyagi, Yamagata) have exceeded the peak of incidence observed in the US, Canada and New Zealand (1) . Of all cancer deaths in Japan, the age-adjusted mortality rate of colorectal cancer is ranked third in men and second in women, respectively (1, 2) . Several lines of evidence suggest that diet plays an important role in the development of colorectal cancer (3, 4) . Of individual foods, particular attention has been paid to vegetable as a rich source of nutrients including fiber, folate and anti-oxidative vitamins, which are potentially protective against colorectal carcinogenesis. Fiber may decrease colorectal cancer risk by increasing stool bulk, decreasing transit time in the colon, diluting colonic contents and inhibiting the formation of secondary bile acids by decreasing the pH by bacterial fermentation of fiber to short chain fatty acids (5, 6) . Folate plays an important role in DNA methylation, biosynthesis and repair (7, 8) . Anti-oxidative nutrients including carotenoids and vitamins A, C and E may prevent colorectal cancer by reducing oxidative stress (9, 10) . Evidence from epidemiological studies, however, has been inconclusive.
In 1997, World Cancer Research Fund and the American Institute for Cancer Research (WCRF/AICR) concluded that there was convincing evidence regarding vegetable intake protected colorectal cancer, mainly based on the results of case-control studies (11) . In the second report published in 2007 (12) , the judgment for vegetables was downgraded as 'limited suggestive' based on a review of relevant data including those of cohort studies that became available after the 1997 report. In an updated meta-analysis including five additional cohort studies that have been published after the second WCRF/AICR report (13) , vegetable intake was associated with decreased risk of colorectal cancer in American [relative risk (RR) 0.89; 95% confidence interval (CI), 0.83-0.96] and European countries (RR, 0.92; 95% CI, 0.83-1.02), but not Asian countries (RR, 1.02; 95% CI, 0.89-1.18). That meta-analysis, however, included only two Japanese studies. Additionally, types of vegetables commonly consumed differ even among Asians. Therefore, it would be of interest to know whether vegetable intake is associated with colorectal cancer among the Japanese population. Here, we systematically reviewed Japanese studies and meta-analyzed their data to examine the association between vegetable intake and risk of colorectal cancer among the Japanese population.
Patients and methods
Relevant epidemiological studies were identified by searching MED-LINE for literatures published by December 2014. A search of the Ichushi (Japana Centra Revuo Medicina) database was also conducted to identify the studies written in Japanese. These methods of literature identification were complemented by manual searches of references from pertinent articles where necessary. We employed the term 'vegetable' combined with 'colorectal cancer', 'colon cancer', 'rectal cancer', 'case-control studies', 'cohort studies', 'Japan' and 'Japanese'. Articles written in either English or Japanese were reviewed. Only studies on Japanese populations living in Japan were included. Individual results were summarized in tables separately according to the study design as cohort or case-control studies.
The studies were evaluated on the basis of the magnitude of association and the strength of evidence. First, RR or odds ratios (ORs) in each epidemiologic study were grouped by the magnitude of association, considering statistical significance (SS) or no statistical significance (NS), into: strong (symbol ↑↑↑ or ↓↓↓), <0.5 or >2.0 (SS); moderate (symbol ↑↑ or ↓↓), either (i) <0.5 or >2.0 (NS), (ii) >1.5-2.0 (SS) or (iii) 0.5 to <0.67 (SS); weak (symbol ↑ or ↓), either (i) >1.5-2.0 (NS), (ii) 0.5 to <0.67 (NS) or (iii) 0.67-1.5 (SS); or no association (symbol −), 0.67-1.5 (NS). We chose 0.67 for the cutoff for decreased risk by dividing 1 by 1.5 (the cutoff for increased risk). Hence, we defined, for each study, the magnitude of association by its strength, i.e. the size of RRs or ORs for the highest consumption group compared with the lowest, and its SS. A two-sided P value < 0.05 was considered statistically significant. The strength of evidence for epidemiological studies was evaluated by applying a method similar to that used in the WHO/FAO Expert Consultation Report (14) , where evidence was classified as 'convincing', 'probable', 'possible' and 'insufficient'. Despite the use of this quantitative assessment rule, an arbitrary evaluation is inevitable when considerable variation exists in the magnitude of association among studies. We assumed that biological plausibility, based on the evidence from experimental animals and mechanistic or other pertinent data, corresponded to the judgment of the evaluation from the International Agency For Research on Cancer (15) . With consideration for both epidemiological evidence and biological plausibility, the final judgment was made based on a consensus of the research group members, and it was therefore not necessarily objective.
Studies were included in this systematic review if they presented colorectal cancer risk associated with intakes of total vegetable, greenyellow vegetable or green vegetable, but excluded if they showed results only for intake of individual vegetable. In the assessment of strength of association with colorectal cancer risk, we used data for total vegetable intake. If no such data exist in a study, data for other category of vegetable was used. For a study presenting separate results for raw green-yellow vegetable and cooked green-yellow vegetable (16), we chose data showing a stronger association; however, the association in men was opposite (increased risk for raw green-yellow vegetable and decreased for cooked green-yellow vegetable) and only result for women was used. If a study showed both overall and sex-specific data, we adopted sex-specific data.
We then conducted a meta-analysis using random effects model (17) to estimate the summary RR/OR and 95% CI of colorectal cancers for the highest versus lowest category of vegetable consumption. We excluded one case-control study (18) that presented results only for proximal and distal colon separately but not for total colon and had overlapping period of data collection with an earlier study in the same hospital (19) . We additionally excluded one case-control study showing results according to eating frequency as a continuous variable, not for the highest vs. the lowest intake (20) . We converted 90% CI into 95% CI (21) . We conducted statistical tests for heterogeneity, and quantified heterogeneity using the I 2 index (22); I 2 values range from 0 to 100%, with 0% indicating no heterogeneity and greater values expressing higher heterogeneity (23) . We assessed possibility of publication bias by using funnel plots and Egger's test. All statistical analyses were performed using Stata (version 13.0; StataCorp, College Station, TX, USA).
Results
A total of six cohort studies (16, 21, (24) (25) (26) (27) ) and 11 case-control studies (18) (19) (20) (28) (29) (30) (31) (32) (33) (34) (35) met the inclusion criteria (Supplementary Tables S1 A score was assigned to eating frequency and odds ratio for the highest vs. lowest intake category was not shown.
and S2, respectively). Of the cohort studies, five reported data for men and women were combined (21, (24) (25) (26) (27) ; of these, three additionally reported results for men and women separately (21, 26, 27) . One study showed results only by gender (16) . Of case-control studies, nine presented results for both sexes combined only (19, 20, (28) (29) (30) (31) (32) (33) (34) , whereas the remaining two studies showed sex-specific data only (18, 35) . The magnitude of association of consumption of vegetables with colorectal cancer is summarized in Table 1 for cohort studies and in Table 2 for case-control studies.
Of the cohort studies, three investigated total vegetable (25) (26) (27) , two investigated green-yellow vegetable (21, 24) and one investigated raw and cooked green-yellow vegetable (16) . Of case-control studies, six investigated total vegetable (19, 28, 30, (32) (33) (34) , three investigated green vegetable (18, 20, 31) and the others investigated green-yellow vegetable (29, 35) .
Of the cohort studies, two studies showed RRs for colon and rectum separately, but not combined (21, 25) ; two reported results for both sites combined only (16, 24) , and the remaining study displayed data for both sites combined as well as for colon and rectum separately (26, 27) . One study showed a weak inverse association with colon cancer (21) and another study showed a weak positive association with rectal cancer in men (27) , but the majority of cohort studies observed no associations between vegetable intake and colorectal cancer (24) (25) (26) (27) (Table 1 ).
Most case-control studies presented OR for colon and rectum separately (19, 20, (28) (29) (30) (31) 34) . One additionally showed result for colon and rectal cancers combined (34) . Three studies reported results only for two sites combined (32, 33, 35) . One study reported risk of proximal and distal colon cancer separately (but not total colon) and rectal cancer (18) . One found a strong inverse association with colon cancer (29) and another showed a weak positive association with distal colon cancer (18) . Three studies showed a weak-to-strong inverse association with rectal cancer (19, 28, 30) , whereas other three studies reported no associations with colon and rectal cancers (20, 31, 34) . Two studies reported a weak-to-strong inverse association with colorectal cancer (33, 35) , whereas two other studies reported no association with colorectal cancer (32,34) ( Table 2) .
Meta-analysis was conducted among 15 studies including six cohort studies (16, 21, (24) (25) (26) (27) ) and nine case-control studies (19, (28) (29) (30) (31) (32) (33) (34) (35) . In cohort studies, high vegetable intake was not significantly associated with risk of colorectal cancer (RR: 1.00, 95% CI: 0.92-1.10; I 2 = 0.0%), colon (RR: 0.95, 95% CI: 0.83-1.09; I 2 = 10.1%) and rectum (RR: 1.08, 95% Cl: 0.93-1.26; I 2 = 0.0%) (Fig. 1) . In case-control studies, high vegetable consumption was associated with a 25% statistically significant decrease in the risk of colorectal cancer (95% CI: 0.59-0.96; I 2 = 45.3%). Pooled ORs for colon and rectum were 0.80 (95% CI: 0.58-1.11; I 2 = 36.0%) and 0.79 (95% CI: 0.54-1.15; Figure 1 . Vegetable consumption (highest vs. lowest exposure category) and colorectal cancer among the Japanese population: cohort study. M, men; W, women. I 2 = 48.3%), respectively (Fig. 2) . No evidence of publication bias was found in the meta-analyses for cohort studies (P = 0.8) and case-control studies (P = 0.2).
Discussion
In the present systematic review of Japanese studies for the association between vegetable intake and colorectal cancer risk, most cohort studies did not detect significant associations, whereas some case-control studies reported an inverse association with colon or rectal cancer. The meta-analysis of cohort studies did not show a significant association of vegetable intake with colorectal, colon or rectal cancers, whereas that of case-control studies showed a significantly decreased summary OR for colorectal cancer.
In a meta-analysis of 19 prospective studies (five studies from Europe, 10 from America and four from Asia including Japan) published up to 2009, higher vegetable intake was associated with a lower risk of colorectal cancer among American (RR, 0.89; 95% CI, 0.83-0.96) and European studies (RR, 0.92; 95% CI, 0.83-1.02), but not among Asian studies (RR, 1.02; 95% CI, 0.89-1.18) (13). Consistent with that finding, a more recent meta-analysis reported that vegetable consumption was significantly and inversely associated with colorectal cancer among European and American populations (36) and a recent large-scale cohort study of Chinese men reported no association (37) , suggesting that vegetable-colorectal cancer association may vary according to the study region. Such difference may be partly ascribed to the amount of vegetable intake in the referent category. Given that the mean intakes of total vegetable were 226.2, 237.7 and 337 kg/year for the American, European and Asian populations, respectively (38), participants in the referent categories (with the lowest intake) of previous Asian studies might consume greater amount of vegetable than the counterparts of American and European studies. Future Asian studies need to address this issue by taking those with very low intake of vegetable as reference.
Regional difference in association may also be accounted by other factors, including a variation in intake of vegetables rich in nutrients such as fiber and folate that are more relevant to cancer prevention (39) . A meta-analysis of 35 observational studies showed that cruciferous vegetables (e.g. cabbage, broccoli), which are good sources of fiber, folate, vitamin C and carotenoid, have been linked to lower risk of colorectal cancer (40) . Moreover, as lycopene inhibits the enzymes involved in cancer development, including cyclooxygenase-2, prostaglandin E2 and matrix metalloproteinase-7 (41,42), tomato, rich in lycopene, may suppress the growth and progression of colorectal cancer. However, it remains an open question whether consumption of specific vegetables is more important than that of total vegetable in colorectal cancer prevention. In addition, storage, preparation and cooking of vegetables may contribute to such regional difference. Several methodological limitations of studies in this review warrant mentioning. First, case-control studies are susceptible to recall and selection bias, leading to differential misclassification of vegetable consumption among cases and controls. For instance, the significantly lower risk of colorectal cancer associated with high vegetable intake in the present meta-analysis of case-control studies may be a result of recall bias, where patients with colorectal cancer tended to underreport vegetable consumption in the past due to the influence of decreased food consumption after cancer diagnosis and the common belief that vegetable has anti-cancer properties. Second, most case-control studies included in the present review selected controls from among patients or participants who have undergone health check-up or screening, which might have resulted in various degrees of selection bias among studies. Third, most case-control studies did not use a validated dietary questionnaire and recent cohort studies adopted a validated dietary questionnaire with low-to-moderate validity. Fourth, cohort studies examined vegetable-colorectal cancer association based on dietary information only at baseline, which may not capture long-term dietary intake. Finally, available data did not allow us to assess effect modification by other factors including smoking and drinking.
In conclusion, the present review and meta-analysis among the Japanese population showed no significant associations between vegetable consumption and colorectal cancer in cohort studies, whereas a weak inverse association was observed for case-control studies.
Evaluation of evidence on vegetable consumption and colorectal cancer in the Japanese population
From these results and on the basis of assumed biological plausibility, we conclude that the evidence is insufficient to support an association between intake of vegetables and the risk of colorectal cancer among the Japanese population.
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